1993). Such transcription units can be incorporated into a variety of vectors for 
introduction into mammalian cells, including but not restricted to, plasmid DNA vectors, 
viral DNA vectors (such as adenovirus or adeno-associated vectors), or viral RNA vectors 
(such as retroviral, semliki forest virus, sindbis virus vectors). 
5 Ribozymes of this invention may be used as diagnostic tools to examine genetic 

drift and mutations within cell lines or cell types. They can also be used to assess levels 
of the target RNA molecule. The close relationship between ribozyme activity and the 
structure of the target RNA allows the detection of mutations in any region of the 
molecule which alters the base-pairing and three-dimensional structure of the target RNA. 
10 By using multiple ribozymes described in this invention, one may map nucleotide 
changes which are important to RNA structure and function in vitro, as well as in cells 
and tissues. Cleavage of target RNAs with ribozymes may be used to inhibit gene 
expression and define the role (essentially) of specified gene products in particular cells 
or cell types. 

15 

4.14 Isolating Homologous Gene and Gene Fragments 

The genes and 5-endotoxins according to the subject invention include not only 
the full-length sequences disclosed herein but also fragments of these sequences, or 
fusion proteins, which retain the characteristic insecticidal activity of the sequences 

20 specifically exemplified herein. 

It should be apparent to a person skill in this art that insecticidal 5-endotoxins can 
be identified and obtained through several means. The specific genes, or portions thereof 
may be obtained from a culture depository, or constructed synthetically, for example, by 
use of a gene machine. Variations of these genes may be readily constructed using 

25 standard techniques for making point mutations. Also, fragments of these genes can be 
made using commercially available exonucleases or endonucleases according to standard 
procedures. For example, enzymes such as BaB\ or site-directed mutagenesis can be 
used to systematically cut off nucleotides from the ends of these genes. Also, genes 
which code for active fragments may be obtained using a variety of other restriction 



A 13J020(2%N001' DOC) 



-103- 



enzymes. Proteases may be used to directly obtain active fragments of these 
S-endotoxins, 

Equivalent 5-endotoxins and/or genes encoding these equivalent S-endotoxins can 
also be isolated from Bacillus strains and/or DNA libraries using the teachings provided 
5 herein. For example, antibodies to the S-endotoxins disclosed and claimed herein can be 
used to identify and isolate other 5-endotoxins from a mixture of proteins. Specifically, 
antibodies may be raised to the portions of the 5-endotoxins which are most constant and 
most distinct from other B, thuringiensis 5-endotoxins. These antibodies can then be 
used to specifically identify equivalent 5-endotoxins with the characteristic insecticidal 
10 activity by immunoprecipitation, enzyme linked immunoassay (ELISA), or Western 
blotting. 

A further method for identifying the S-endotoxins and genes of the subject 
invention is through the use of oligonucleotide probes. These probes are nucleotide 
sequences having a detectable label. As is well known in the art, if the probe molecule 

1 5 and nucleic acid sample hybridize by forming a strong bond between the two molecules, 
it can be reasonably assumed that the probe and sample are essentially identical. The 
probe's detectable label provides a means for determining in a known manner whether 
hybridization has occurred. Such a probe analysis provides a rapid method for 
identifying formicidal 5-endotoxin genes of the subject invention. 

20 The nucleotide segments which are used as probes according to the invention can 

be synthesized by use of DNA synthesizers using standard procedures. In the use of the 
nucleotide segments as probes, the particular probe is labeled with any suitable label 
known to those skilled in the art, including radioactive and non-radioactive labels. 
Typical radioactive labels include 32 P, 125 L 35 S, or the like. A probe labeled with a 

25 radioactive isotope can be constructed from a nucleotide sequence complementary to the 
DNA sample by a conventional nick translation reaction, using a DNase and DNA 
polymerase. The probe and sample can then be combined in a hybridization buffer 
solution and held at an appropriate temperature until annealing occurs. Thereafter, the 
membrane is washed free of extraneous materials, leaving the sample and bound probe 
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molecules typically detected and quantified by autoradiography and/or liquid scintillation 
counting. 

Non-radioactive labels include, for example, ligands such as biotin or thyroxine, 
as well as enzymes such as hydrolases or peroxidases, or the various chemiluminescers 
5 such as luciferin, or fluorescent compounds like fluorescein and its derivatives. The 
probe may also be labeled at both ends with different types of labels for ease of 
separation, as, for example, by using an isotopic label at the end mentioned above and a 
biotin label at the other end. 

Duplex formation and stability depend on substantial complementarity between 
10 the two strands of a hybrid, and, as noted above, a certain degree of mismatch can be 
tolerated. Therefore, the probes of the subject invention include mutations (both single 
and multiple), deletions, insertions of the described sequences, and combinations thereof, 
wherein said mutations, insertions and deletions permit formation of stable hybrids with 
the target polynucleotide of interest. Mutations, insertions, and deletions can be produced 
15 in a given polynucleotide sequence in many ways, by methods currently known to an 
ordinarily skilled artisan, and perhaps by other methods which may become known in the 
future. 

The potential variations in the probes listed is due, in part, to the redundancy of the 
genetic code. Because of the redundancy of the genetic code, i.e., more than one coding 

20 nucleotide triplet (codon) can be used for most of the amino acids used to make proteins. 
Therefore different nucleotide sequences can code for a particular amino acid. Thus, the 
amino acid sequences of the B. thuringiensis 5-endotoxins and peptides can be prepared 
by equivalent nucleotide sequences encoding the same amino acid sequence of the protein 
or peptide. Accordingly, the subject invention includes such equivalent nucleotide 

25 sequences. Also, inverse or complement sequences are an aspect of the subject invention 
and can be readily used by a person skilled in this art. In addition it has been shown that 
proteins of identified structure and function may be constructed by changing the amino 
acid sequence if such changes do not alter the protein secondary structure (Kaiser and 
Kezdy, 1984). Thus, the subject invention includes mutants of the amino acid sequence 

30 depicted herein which do not alter the protein secondary structure, or if the structure is 
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